The four major and globally widespread Meloidogyne spp., M. arenaria (Neal, 1889) , M. hapla Chitwood, 1949 , M. incognita (Kofoid & White, 1919 ) and M. javanica (Treub, 1885 ) (see Jones et al., 2013) , are also abundant in South African crop production areas (Kleynhans et al., 1996) . Many other species parasitise crops in South Africa, including M. enterolobii Yang & Eisenback, 1983 (see Kleynhans et al., 1996 Marais, 2014) . Meloidogyne enterolobii, reported from only a few crop production areas in South Africa (Van den Berg et al., 2017) , is very aggressive, has a wide host range and is known to overcome various root-knot nematode resistance genes (Castagnone-Sereno, 2012) . As it is morphologically similar to M. incognita and other thermophilic species, it is prone to being misidentified (Adam et al., 2007; Karssen et al., 2013) . Various authors have emphasised the limitations in using only morphological characteristics (particularly perineal pattern morphology) for accurate identification of Meloidogyne spp. (Karssen & Van Aelst, 2001; Carneiro et al., 2004; Hunt & Handoo, 2009) , and as discriminating Meloidogyne spp. is crucial to optimise control strategies (Adam et al., 2007) , the use of accurate isoenzyme and molecular deoxyribonuclease (DNA) methods became popular (Esbenshade & Triantaphyllou, 1985; Karssen et al., 2013) . The sequencederived-amplified region (SCAR) polymerase chain reaction (PCR) technique has been proven to be a fast, reliable and accurate method to discriminate Meloidogyne spp. (Zijlstra et al., 2000) . This study aims to update distribution knowledge by identifying Meloidogyne spp. from 28 populations isolated from diagnostic samples or experimental sites through the use of the SCAR-PCR technique and perineal-pattern morphology.
Meloidogyne spp. eggs and second-stage juveniles (J2) were extracted from infected root samples of various crops cultivated in different crop production areas during the 2013-2014 summer-growing season (Table 1) . Root samples (50 g) of each crop were subjected to the adapted NaOCl method (Riekert, 1995) for extraction of eggs and J2. The latter life stages of each of the 28 populations were inoculated on roots of individual rootknot nematode-susceptible tomato seedlings ('Rodade') grown in 5000 cm 3 capacity pots containing Telone II (a.s. 1-3 dichloropropene; dosage of 150 l ha -1 ) fumigated sandy-loam soil (5.3% clay, 93.6% sand, 1.1% silt, 0.47% organic matter and pH (H 2 O) 7.47) in a glasshouse Short communication (ambient temperature regime: min. 19-21 ± 1°C, max. 25-27 ± 1°C; photoperiod 14 h light:10 h dark). Fifty-six days later, 20 mature females were isolated from infected tomato roots of each population and DNA extracted using the adapted silicon dioxide matrix protocol of Li et al. (2010) . Species-specific forward (Zijlstra et al., 2000) and reverse (Long et al., 2006) (Ward, 1963) . For morphological identification, 21 red-stained mature females (Hunt & Handoo, 2009 ) of each population were isolated from the infected root systems. Perineal patterns and pharyngeal areas of females were prepared and studied using a Nikon Eclipse 50i light microscope and NIS Elements software (Version 3.07).
Meloidogyne arenaria, M. enterolobii, M. incognita and M. javanica were identified either as mixed or single populations using the SCAR-PCR molecular method and morphological identification ( Table 1 ). The presence of mixed Meloidogyne spp. populations was interesting but not uncommon since two or more root-knot nematode species are often present in the same field (Riekert & Henshaw, 1998; Karssen et al., 2013) . Meloidogyne incognita was the most prevalent, followed by M. javanica, M. enterolobii and M. arenaria. DNA of M. arenaria, M. enterolobii, M. incognita and M. javanica resulted in amplification of the 420, 200, 1200 and 670 SCAR fragments, respectively, resembling those amplified for the respective standards of the different species. However, the 800, 515 and 610 bp SCAR fragments were not amplified for any of the PCR reactions, suggesting the absence of M. chitwoodi, M. fallax and M. hapla. The dendrogram of Meloidogyne spp. grouped the 28 populations into two major clusters (Fig. 1) . Cluster I contained M. enterolobii, M. incognita and M. javanica as single and/or mixed populations divided into three subgroups. Cluster II contained single species populations of M. arenaria and M. incognita, and mixed populations of M. javanica, M. arenaria and M. incognita in four subgroups. According to hierarchical clustering, no variation occurred for the four Meloidogyne spp. due to a shared 100% sequence homology. This cannot be explained at this stage since populations of the different species did not originate from one geographical area. Tigano et al. (2010) recorded similar homogeneity for M. enterolobii populations from different geographic regions of Brazil, suggesting a lack of variation within the local populations of this species. This phenomenon can be ascribed to the homogeneous nature of M. enterolobii.
Morphological identification enabled discrimination among females of M. incognita, M. javanica and M. arenaria but was challenged by M. enterolobii females. The presence of distinctly visible phasmids in the tail terminus and slightly backwardly sloping oval stylet knobs (distinctly divided by a longitudinal groove) of the majority of specimens represented valuable discriminating characteristics to identify M. enterolobii females (Yang & Eisenback, 1983; Karssen et al., 2013) . Although the shape of the lumen of the pharynx, published for South African Meloidogyne spp. by Kleynhans (1991) , allowed identification of M. arenaria, M. incognita and M. javanica, no reference to pharyngeal lumen shape in M. enterolobii females could be found in the literature to assist its use in identification. Only one population (M52) could not be determined using morphology due to the absence of fully developed, mature, female specimens. However, according to SCAR-PCR analysis it contained a mixed population of M. enterolobii, M. incognita and M. javanica. For future studies, the use of morphometrics of J2 and males (in addition to that of females) is proposed to characterise local M. enterolobii populations to verify its distribution in local production areas. Single species populations must be established from single egg masses (Hunt & Handoo, 2009 ) to achieve this. Although comparison of morphological and morphometric results vs molecular identifications showed an 82% similarity (Table 1) , mismatches occurred and could be mainly ascribed to different sets of
